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STUDIES ON AMOEBIASIS IN CANADA 


THE INCIDENCE OF INTESTINAL PROTOZOAL INFECTIONS IN 
TWO INSTITUTIONALIZED GROUPS IN CANADA! 


PART I. 


By M. J. MILLER? anp L. P. E. 


Abstract 


The authors have made a survey of the intestinal protozoa in two institutions: 
an orphanage and an old people’s home. Results showed that the incidence of 
infection was high in both groups but that the younger age group showed a 
consistently higher rate of infection for all species found. Entamoeba histolytica 
was found in 37% of the children and in 20.5% of the ‘old-age’ group. 


In the course of a survey for human intestinal protozoa in Saskatchewan in 
1940, Miller (2) found that an orphanage group of 47 children showed a 
surprisingly high parasitic index, and that Entamoeba histolytica was found in 
23% of the children on a single stool examination. This incidence was 
considered high because of the geographic location of the survey, and the low 
incidence of clinical amoebiasis reported in that area. 

In a study to investigate further the incidence of intestinal protozoa in 
institutionalized groups in Canada and also to obtain material for biological 
studies on Entamoeba histolytica in this country, surveys were carried out in 
two institutions in Montreal, Que. One was a children’s orphanage where 
163 boys aged 8 to 10 years were investigated, while the second was an Old 
Men’s Home where 151 persons aged 32 to 95 years (the majority being 
between 50 and 70 years) were studied. At least three stools were examined 
in each case. The zinc sulphate flotation method was used on all stools with 
the exception of those that were semifluid or liquid, in which case they were 
examined by the direct smear method. Stools were examined upon arrival 
but in some cases they were three days old when received. Stools that were 
considered too dry were discarded and further specimens examined. 


Results 


Orphanage Group 


A total of 163 boys aged 8 to 10 years were examined in this group. The 
results showed that 158 or 97% harboured one or more species of intestinal 


1 Manuscript received September 21, 1946. 


Coniribution from the Institute of Parasitology, McGill University, Macdonald College, 
Que., with financial assistance from the National Research Council, awarded through the Associate 
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protozoa. The species of protozoa found included Entamoeba histolytica, 
Entamoeba coli, Endolimax nana, Iodamoeba biitschlii, Giardia lamblia, and 
Chilomastix mesnili. They showed the following incidence of infection: 


Species Number Percentage 
E. histolytica 61 37.0 
E. coli 137 87.0 
E. nana 110 69.5 
I. biitschlit 6 3.5 
G. lamblia 78 49.0 
C. mesnili 11 7.0 


Old Men’s Home 


In this group a total of 151 adult males aged 32 to 95 years were examined. 
Results obtained showed that of these 107 or 71% were found infected with 
one or more species of protozoa. Protozoa found included Entamoeba histo- 
lytica, Entamoeba coli, Endolimax nana, Iodamoeba biitschlii, and Giardia 
lamblia, showing the following incidence of infection: 


Species Number Percentage 
E. histolytica 31 20.5 
E. coli 56 37.0 
E. nana 75 52.0 
I. biitschlii 4 » 
G. lamblia 9 6.0 


The cysts of Entamoeba histolytica recovered were classified into the two 
races as defined by Sapero et al. (3): a large race with cysts measuring more 
than 10y in diameter, in wet iodine-stained preparations, and a small race 
measuring less than 10u in diameter. Breaking down the E. histolytica 
infections into the two races we find the following percentage: 


Orphanage Group ‘Old Age’ Group 


Number cases | Percentage | Number cases | Percentage 


Total infections 61 37.0 31 20.5 
Large race 42 26.5 15 8.5 
Small race 28 $7.5 20 13.0 
Large and small race 9 3.5 2 1.0 


Discussion 


While the numbers examined in the above two groups are not large, the 
results obtained tend to confirm the Saskatchewan findings, which showed 
that the human intestinal protozoa are common in institutionalized groups in 
Canada. Of more interest is the high Entamoeba histolytica incidence found 
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in both age groups. Because infections depend on the ingestion of food or 
drink, or both, contaminated with infected faeces, these results add further 
support to the frequently demonstrated but still largely unrecognized fact 
that the intensity of E. histolytica infections is mainly dependent on the 
sanitary standards of a people and not related to their geographic locale. 

The two groups studied are quite similar in every respect except age. Both 
institutions are kept clean and orderly but are subject to the lowered sanita- 
tion characteristic of overcrowded institutions. While the natural habits of 
the younger age group are less sanitary than an adult group, the fact that the 
adult group was composed for the most part of old men tends to make the 
sanitary levels of the two groups similar. Finally we have the fact that all of 
the children were born in Quebec, as were over 90% of the adult group. A 
study of the results will show that in the case of every parasite found, a higher 
incidence of infection is found in the lower age group. Further it was noted 
that the intensity of infection was considerably greater in the younger age 
group, as was the incidence of multiple infections. The much greater 
frequency of Giardia lamblia infection in the younger group is particularly 
noticeable; the incidence is 49% as compared to 9% for the older group; it is 
well recognized that G. lamblia is more commonly found in children. A 
rather interesting finding is the comparative frequency of E. coli and E. nana 
in the two groups. In the younger group E. coli is found more frequently 
than E. nana; thus we have 87% incidence for the former as compared to a 
69.5% incidence for the latter. In the older group the reverse is true; in 
this group E. coli shows an incidence of only 37% infection as compared to an 
incidence of 52% for E. nana. While these results show that E. coli and 
E. nana are common in both young and old age groups, they tend to suggest 
that E. coli is the commonest species occurring in young age groups, while 
E. nana is the more common of the two in old age groups. 

A study of the Entamoeba histolytica infections shows a high incidence of 
infection with the small race of this species. Thus in the younger age group, 
out of a total of 61 E. histolytica infections, 28 harbour the small race. The 
relative number is even greater in the older age group in which 20 out of 31 
infections with E. histolytica are with the small race. 


The presence of a constant small race of E. histolytica has been definitely © 


established by the excellent study of Sapero et al. (3), who also demonstrated 
that the small race was present in their series on routine stool examination in 
over 50% of all patients harbouring E. histolytica. Frye and Meleney (1) 
did not find as high an incidence of the small race of E. histolytica infection in 
their series, but of a total of 9449 specimens examined, 325 were positive for 
E. histolytica; of these 44 or 13.5% were of the small race. These authors 
state further that their results showed the incidence of infection with the 
small race to be on the increase. 

Our present results show that the small race is relatively common in both 
old and young age groups who are institutionalized, and indeed, in the older 
age group, it is the common race found. While no accurate record was kept, 
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personal experience of one of us (M. J. M.) with Canadian Army personnel in 
the United Kingdom showed that on routine stool examination about one- 
third of those infected with E. histolytica were harbouring the small race. 


No attempt will be made in the present report to discuss the status of the 
small race with regard to its pathogenicity. Suffice it to say that although 
the present weight of opinion seems to assign to it a relatively minor rdéle as 
an aetiological agent in clinical amoebiasis, this problem is far from being 
settled. The results of Sapero et al. (3) and those obtained in the present 
study show that the small race is common and it is our belief that in routine 
stool examination using wet smear preparations it is frequently misdiagnosed 
as Endolimax nana, which it so closely resembles. Indeed in our experience, 
in many cases of small race infection using wet preparations, unless the oil 
immersion lens is used, a definite diagnosis is impossible. 

Because of its relative frequency it is important that the pathogenic status 


of the minuta strain of E. histolytica be definitely determined and further 
studies on this problem are indicated. 


References 
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A RAPID METHOD FOR THE ASSAY OF PENICILLIN' 


P. C. E. A. Barrp’, D. BEALL’, AND Gorpon A. GRANntT® 


Abstract 


Many of the problems concerning penicillin production and research have 
been found to require reliable assay data within a few hours. For this purpose 
a three hour turbidimetric assay method was developed, utilizing the increased 
rate of growth obtained when potassium nitrate was added to a conventional 
medium. With this rapid method many of the variations of the older 18 hr. 
incubation procedure, such as autolysis, partial autolysis, and secondary growth 
effects were avoided. Inhibition occurred during the active out phase. 
The method has been checked against standard preparations, and has been 
-_™ to give equally reliable results when qoungabed with the cup-plate method 
of assay. 


Introduction 


Short term assay procedures for penicillin have been reported by a number 
of workers. Joslyn (2) outlined one in which culture density was read after 
a period of four hours or more. Goth and Bush (1) using S. aureus, and 
Nielsen and Foter (3) using E. coli, found rapid assays could be done by 
measuring the reduction of nitrate to nitrite. 


A short term turbidimetric assay, which has many advantages over the 
usual 18 hr. turbidimetric assays, has been used for some time in our labora- 
tories, during which many hundreds of routine assays have been conducted. 
Incubation of Staphylococcus aureus at 37° C. for the usual 18 hr. period in 
the presence of graded quantities of penicillin was found to result in cultures 
of various types, viz.: cultures that had attained maximum turbidity and 
remained constant, cultures that had undergone partial autolysis, and others 
that had suffered almost complete apparent autolysis at a relatively early 
stage, and then produced a secondary growth. The increased rate of growth 
necessary for this shorter incubation period was accomplished by the addition 
of 0.2% potassium nitrate to our usual culture medium.. By this method it 
was possible to determine the potency of a large number of penicillin samples 
on the same day that they were received for test, and the procedure greatly 
minimized the effects of contaminants in those cases where these were present 
in assay samples. 


Assay Procedure 


A standard strain of Staphylococcus aureus (F.D.A. 209) was used as the 
test organism. The nutrient broth was prepared as follows: 


Minced beef heart (defatted) 1 kgm. 
Water (distilled) 2 litres 


1 Manuscript received August 31, 1946. 
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Extracted overnight at 40° C., heated for two hours, at 80° C., strained, and 
then the following components added: 


Proteose peptone (Difco) 1% 


Stock salt solution 1% (sodium chloride 25%, calcium chloride 
1%, potassium chloride 2%) 

Glucose 0.1% 

Potassium nitrate 0.2% 


Adjusted to pH 8.3, heated to boiling for 20 min., filtered, adjusted to pH 7.2, 
and to volume. Autoclaved 30 min. at 121°C. This medium has given 
maximum growth of Staphylococcus aureus and has been used routinely for 
our assays. 

Preparation of tubes: Table I gives the dilutions of penicillin used; each 
tube was inoculated with three drops of the inoculum using an automatic 
dispenser (culture grown 16 hr. at 24°C., followed by two to three hours 
at 37°C.). Since the incubation period for the tubes is relatively short, the 
inoculation step should be done as quickly as possible for a batch of unknown 
and standard tubes so that growth will not be initiated sooner in some tubes 
than in others. In practice we have followed the procedure of using a 
standard for every seven unknowns. 


TABLE I 
PREPARATION OF DILUTIONS FOR THE ASSAY 
No.*** 
1 2 3 4 5 6 7 8 ine 
Broth (ml.) 9.519.3] 9.0} 8.6} 8.0] 7.2] 6.0] 4.4] 10 10 
Penicillin solution (ml.)| 0.5 | 0.7 | 1.0] 1.4] 2.0] 2.8] 4.0] 5.6 0 0 
(in broth) 
— units per} 5 7 10 14 20 28 40 56 0 
ml. 
* Inoculated control. 


** Uninoculated control. 
*** Evelyn photoelectric colorimeter tubes. 


Owing to the short incubation period it was not essential to use sterilized 
or plugged tubes. We have used standardized colorimeter tubes that were 
previously thoroughly cleaned and dried. The contents of the tubes were 
well mixed and the tubes incubated at 37° C. (water-bath) for two and one- 
half to three hours. Incubation was allowed to proceed until the density of 
growth in the inoculated control tubes gave readings in the neighbourhood of 
60 galvanometer divisions, when the instrument had been set at 100 withthe 
uninoculated control tubes. If required, the broth tubes could be made up 
the previous afternoon, kept in the refrigerator overnight, the penicillin 
solution added, and the tubes then inoculated. The tubes were steamed at 
the conclusion of the incubation period to arrest growth of the test organism. 
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The turbidimetric readings were carried out on the Evelyn photoelectric 
colorimeter using a = 540 my filter. 

A typical response curve (5 to 56 milli-Oxford units per ml.) is shown in 
Fig. 1, covering a spread of about 40 galvanometer divisions with the utilizable 
portion from 5 to 40 milli-Oxford units per ml. 


95 
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Assay Results 


As the slope of the standard curve varied slightly from one assay to the 
next, it was essential to run a standard penicillin solution simultaneously 
with unknown samples. The method has been found applicable to both 
high and low potency calcium and sodium salts of penicillin. An example of 
the reproducibility of the assay, and the results obtained for a number of 
assays on two lots of material carried out by different technicians on different 
days, are given in Table II. 


TABLE II 
REPRODUCIBILITY OF THE ASSAY 

Sodium penicillin, Calcium penicillin, 

Assay No. Oxford units/mgm. | Oxford units/mgm. 
1 126 106 
2 121 107 
3 127 100 
4 143 101 
5 131 97 
6 119 100 
7 129 103 
8 127 97 
9 124 96 
10 125 — 
11 122 

Av. 127 + 12 Av. 101 + 5.5 
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Using crystalline sodium penicillin (1650 units per mgm.) as the standard, 
five subsidiary house standards were assayed by the above three hour turbidi- 
metric method with the following results: 


Three hour 
House standard Usual plate—cup assay, turbidimetric assay, 
units/mgm. units/mgm. 
A 402-430 Av. 416 440 
B 913-923 Av. 918 938 
Cc 439-465 Av. 452 465 
D 674-716 Av. 695 700 
E 615-635 Av. 625 612 


References 
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A CASEIN DIGEST MEDIUM FOR TOXIN PRODUCTION 
BY CLOSTRIDIUM'! 


By J. W. Stevenson’, V. A. HELSON?, AND G. B. REED* 


Abstract 


A simplified casein digest—corn steep medium is described that lends itself to 
large scale use. The advantages stressed are: use of fresh or frozen pancreas as 
a source of trypsin, a digest that is readily clarified, the clarification of corn 
steep by steaming in alkaline solution. The product is a medium that supports 
good growth of many species of bacteria and in which Clostridium botulinum 
produces large and consistent yields of toxin. 


Gladstone and Fildes (1) recently described a casein digest medium that 
proved satisfactory for a variety of species of bacteria. The special merits 
of the medium mentioned are the low cost of production, uniformity from 
batch to batch, and suitability, with certain supplements, for a variety of 
organisms. 


Experience with this medium in the production of toxins by certain species of 
Clostridium on a moderately large scale and in the cultivation of a variety of 
other species suggests further simplification in the preparation. Gladstone and 
Fildes’ medium (C.C.Y.) consists of a mixture of acid and tryptic digests of 
casein with yeast extract, sodium lactate or sugar, and sodium glycero- 
phosphate. In the medium described below the acid digest of casein is 
omitted and the amount of tryptic digest increased, clarified corn steep is 
substituted for the yeast extract, and a commercial glucose is substituted for 
sodium lactate. 


The following description indicates methods of preparing the medium for 
moderately large scale use. Most references are to 18 litre lots handled in 
carboys. 


Acid Hydrolysate of Casein 


Acid digest is inadequate as a source of nitrogen for most organisms, prob- 
ably as a result of the destruction of tryptophane. Gladstone and Fildes 
supplemented the acid digest with a portion of tryptic digest of casein. The 
acid digest, moreover, contains a black humus-like material that retards the 
growth of some organisms and, where the medium is used in the production 
of toxin, interferes with the recovery of toxin. The humus-like material may 
be precipitated at pH 4.0 and removed by filtration. 


Since the acid digest appears to provide no essential ingredients not included 
in the tryptic digest and the preparation is time consuming it has been omitted 
from the medium and a corresponding amount of tryptic digest added. 


1 Manuscript received September 25, 1946. 

Contribution from the Department of Bacteriology, Queen's University, Kingston, Ont. 
2 Research Associate. 
3 Professor of Bacteriology. 
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Tryptic Digest of Casein 

The following procedure is modified from that of Gladstone and Fildes. 
Purified light white casein and commercial lactic and muriatic caseins have 
been used. In media for toxin production by various species of Clostridium, 
digests prepared from commercial brands have given similar results to those 
prepared from the purified samples. The muriatic casein digests were more 
readily clarified than those made from lactic casein. , 

(a) Digestion procedure. Anhydrous sodium carbonate (70 gm.) and 130 
ml. of 40% sodium hydroxide are placed in a 25 litre carboy along with a few 
litres of hot water. When the carbonate is dissolved 1600 gm. of muriatic 
casein is added and well mixed. Tap water is then added to bring the volume 
to 16 litres. Minced fresh or frozen pig pancreas, 150 gm. wet weight, and 
25 ml. chloroform are added, the bottles stoppered, well shaken, and placed 
in a 38° to 40° C. incubator room. The mixture has a reaction of about pH 
7.5. During the first 24 hr. of incubation it becomes acid; 60 ml. of 40% 
sodium hydroxide restores the reaction to approximately pH 7.5 where it 
remains for the rest of the digestion period. The bottles are occasionally 
shaken during fhe first four or five days. 


600 
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Fic. 1. Curve indicating rate of digestion of casein by fresh or frozen pancreas. 


Though the bulk of the digestion occurs during the first three to four days 
and close to the maximum yield of amino nitrogen is reached on the sixth to 
the eighth day (Fig. 1), it was found that if the preparation is held at 38° to 
40° C. for 14 to 16 days the subsequent clarification of the digest is greatly 
facilitated. A more alkaline reaction increases the rate of digestion but such 
digests are more difficult to clarify. 


| 
| 


STEVENSON ET AL.: MEDIUM FOR TOXIN PRODUCTION BY CLOSTRIDIUM 11 


At the end of the digestion period the bottles are placed for one to two days 
in a cold room; tyrosin crystals, any undigested casein and pancreas settle. 
The clearer portion is decanted and both the partially clarified portion 
and the sediment are adjusted to pH 6.0 and filtered through paper on a 
Buchner filter under moderate vacuum. Best filtration is obtained if the 
sedimented portion is placed first on the filter followed by the clearer portion. 
It filters rapidly. The filtrate is steamed, cooled, and again filtered. The 
same result is obtained by acidification, steaming, and a single filtration but 
this takes considerably more time than the two operations. 


The filtrate may be used at once in the preparation of media or stored. If 
25 ml. of chloroform are added to 20 litre lots and bottles well shaken at the 
start the mixture keeps perfectly for many months at room temperature. 


(6) The pancreas suspension was prepared by freeing pig’s pancreas of fat 
and grinding it in a meat mincer. This may be used directly in the digestion 
mixture or frozen and stored. The fresh or frozen minced gland has proved 
more active and less expensive than the 25% alcoholic suspension used by 
Gladstone and Fildes. 


(c) Commercial trypsin, 30 gm. per 16 litre carboy of casein mixture, has 
given approximately the same rate of digestion as the fresh or frozen pancreas. 


(d) A commercial digest of casein—Pepticase (Sheffield Farm’s Co., Inc., 
Hobart, N.Y.)—has been tried as a substitute for the above described casein 
digest with similar results. A 10% solution in water yields approximately 
500 mgm. amino nitrogen per 100 ml., the amino nitrogen content of the 
above digest. In hot water the commercial preparation forms an opalescent 
solution clear except for a slight black residue that may be readily removed 
by filtration. 


Yeast Extract 


This was prepared by crumbling 10 Ib. of compressed baker’s yeast into 
about 10 litres of hot water. The suspension was boiled five minutes, water 
added to make 25 litres, and allowed to stand two days in the cold room. 
The supernatant was then decanted and filtered through paper pulp under 
moderate vacuum. The main difficulty with the large scale use of this extract 
is the slow filtration. No satisfactory means of rapid clarification was found. 
Several diatomaceous filter aids, particularly filter-cel (Johns Manville Co.), 
greatly facilitated filtration but the filtrates were definitely inferior in growth 
promoting properties to those prepared by slow filtration through paper pulp. 

Clarified corn steep appears to provide an adequate substitute for yeast 
extract and is very much more readily prepared. 


Clarified Corn Steep 
Corn steep liquor is readily clarified with retention of growth promoting 
factors required for the organisms under consideration. To 5 litres of crude 


corn steep liquor, 11 litres of water and 1700 ml. of 40% sodium hydroxide is 
added. This gives a pH of approximately 9.5. A copious precipitate forms 
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and settles rapidly. A relatively clear supernatant may be decanted almost 
at once. The decanted fluid is steamed until it is almost boiling and auto- 
claved for five minutes at 15 lb. A sticky precipitate settles on cooling. 
The supernatant filters readily to form a clear solution. The pH is adjusted 
to 7.5 and the solution may be used at once or stored indefinitely with chloro- 
form as in the case of casein digests. 

Sugar 


For certain uses of the medium where glucose is required Crystal glucose 
(a commercial syrup, Canada Starch Co.) gave as good results as the pure 
sugar. This is a heavy syrup containing 31% reducing sugar. 

The syrup is diluted with water to 18% reducing sugar, adjusted with 
sodium hydroxide to pH 8.0, and autoclaved. Autoclaving increases the 
reducing sugar to approximately 20% and brings the reaction to approxi- 
mately the neutral point. Best results have been obtained by autoclaving 
the neutral sugar solution and adding it aseptically to the medium. 
Preparation of Media 

Two media have been prepared from these ingredients: 


Tryptic digest—yeast medium 


Tryptic digest of casein 5130 ml. 
Yeast extract 1800 ml. 
Disodium phosphate dodecahydrate 180 gm. 
Water to 18,000 ml. 


Adjust to pH 7.5 to 7.6, steam for one hour, and filter through paper on a 
Buchner filter under moderate vacuum. Filtration is rapid. If sodium 
glycerophosphate is used instead of sodium phosphate no precipitate forms 
and filtration is unnecessary. Steam 45 min. and autoclave one hour at 15 Ib. 
After cooling add aseptically 360 ml. of 50% autoclaved solution of pure 


glucose. 
Tryptic digest—corn steep medium 


Tryptic digest of casein 5130 ml. 
Clarified corn steep 360 ml. 
Water to 17,000 ml. 


Adjust to pH 7.5 to 7.6. The medium is clear, filtration is unnecessary. 
Steam 45 min. and autoclave one hour at 15 lb. When cool add aseptically 
900 ml. of autoclaved solution of crystal glucose, 20% reducing sugar. 

These two media have been extensively used in the cultivation of Clos- 
tridium. Some 25 species that have been tried grow readily in both media. 
Its main use has been in the production of C. parabotulinum toxin and toxoids 
(2, 3). At the same time the media have been used in the routine culture of 
a large number of aerobic species. All species that grow readily on the 
ordinary peptone—meat infusion media grow equally or more luxuriantly on 
these casein digest media. 

The cost of the ingredients for the media amounts to about four cents per 
litre. 
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13 
Conclusions 


A simplified method of preparing tryptic digest of casein and clarified corn 
steep as a medium for the production of Clostridium toxin has been described. 
It has also been shown that the medium may be used for the cultivation of 
many species of bacteria. 
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PREPARATION OF CLOSTRIDIUM PARABOTULINUM TOXINS! 
By J. W. STEVENSON,” V. A. HELSON,? AND G. B. REED* 


Abstract 


This paper deals with methods of producing high and consistent yields of 
Type A and Type B Clostridium parabotulinum toxins. It is shown that highly 
toxigenic strains readily lose toxin producing activity and that this type of 
variation may be largely prevented by storing in the cold young cultures to be 
used as inoculum in toxin production. The best medium of those tested consists 
of tryptic digest of casein, glucose, and yeast extract or clarified corn steep. 
Maximum growth occurs in 16 to 18 hr. at 35°C. Growth is followed by 
gradual autolysis of the organisms, which is approximately complete in four to 
six days. Appreciable amounts of toxin are produced during the first 24 hr. of 
growth and a maximum is reached with the complete lysis of the organisms. 

Toxin may be completely precipitated from the culture fluid at pH 3.9 and 
may be partially purified by suspension and reprecipitation at pH 3.9. Acid 
tay 2 ay toxins may be dried in vacuo, by lyophilization or spray drying. 

ry toxins have been stored up to two years without loss of toxicity. 

Average yields per ml. of culture were: 

A toxin—1 X 10° LDw’s for the mouse (20 gm.) 

2 X 10° LDwo’s for the guinea-pig (250 gm.) 
B toxin—1 X 10* LDw’s for the mouse (20 gm. 

1 X 10° LDw’s for the guinea-pig (250 gm.) 

Type A toxin has the same order of toxicity for mice, guinea-pigs, chickens, 
and goldfish per unit of body weight. Type B toxin is 6000 to 8000 times more 
toxic for guinea-pigs than for mice, chickens, or goldfish on a body weight basis. 


A program of study of a bacterial toxemia made it necessary to produce 
Clostridium parabotulinum toxin in considerable quantity. A survey of the 
literature indicated a wide diversity of opinion concerning cultural require- 
ments for growth and toxin production by the group of bacteria included in 
this species. Of the many foodstuffs and culture media in which botulinum 
toxin has been demonstrated the best promise of high yields appeared to be 
a casein digest medium as used by Burrows (1) and more recently by Hender- 
son and Woods (5) in the form described by Gladstone and Fildes (2) and 
modified for this purpose by Stevenson, Helson, and Reed (17). 


This paper is primarily a description of procedures that have given con- 
sistently high yields of toxin of Type A and Type B. Certain questions on 
the metabolism of the organisms in reference to toxin production will be 
considered later. - 


Toxin Producing Strains of C. parabotulinum 


A considerable group of cultures labelled Clostridium parabotulinum Type A 
and Type B were obtained from several Canadian and American laboratories. 
On initial plating on blood agar or peptone—thioglycollate agar (Reed and 
Orr (11) ), several cultures yielded only rough, wide spreading rhizoid colonies 
(Fig. 1) and failed to produce toxin or to ferment salicin. Some years ago 
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Reddish (10) suggested that most American cultures of C. parabotulinum are 
contaminated with Clostridium sporogenes. Later Hadley (4) contended that 
the sporogenes-like colonies may represent rough variants of the parent type. 
Inability of the sporogenes-like cultures in the present series to ferment 
salicin suggests that they are merely non-toxic strains of C. parabotulinum 
though Meyer and Gunnison (7) described five European strains of toxigenic 
C. parabotulinum that fail to ferment salicin. For the present purposes, 
however, these cultures were discarded. 


The remaining cultures in the group, which were culturally and biochemi- 
cally characteristic C. parabotulinum, varied widely from completely atoxic to 
very highly toxic strains. Such differences have been frequently reported 
(Gunnison and Meyer (3) )._ Townsend (18) was unable to distinguish toxic 
and atoxic strains by cultural, biochemical, or serological means. 


The most toxic A and B types in the series were selected for use in toxin 
production. The best A type was a culture marked A. Hall that has been in 
this laboratory collection for many years. It probably came from the Hall 
collection though the history of the culture was lost. The best B type was 
B7949, obtained through the National Type Culture Collection from the 
National Canners Association, where it was listed as 213 B. It soon became 
apparent that notwithstanding the many years that these cultures had been 
held in the laboratory they were subject to fairly rapid variation if improperly 
handled. 

In the first procedure adopted, the cultures were transferred daily in chopped 
meat media. Under these circumstances it was observed that the colony 
form was slowly changing from the characteristic pebbled form with serrate 
to irregular margins (Fig. 2) to more nearly smooth colonies with entire 
margins (Fig. 3). With the change in colony form there was a gradual 
decrease in toxin production. Schoeholz (14) distinguished several colony 
forms arising as variants from toxigenic strains exhibiting initially a single 
colony type. These variants were all toxigenic but the method did not 
determine toxin yields quantitatively. 


In order to reduce variation to a minimum, repeated colony selection of 
these two c: Itures was carried out until highly toxigenic strains were obtained. 
These were grown for 12 to 16 hr. in chopped meat medium, sealed, and 
stored at 4°C. A number of identical cultures of each type were prepared. 
For each lot of toxin produced one of these cultures was used as inoculum or, 
for large lots of toxin, to inoculate a seed culture. For each 18 litre carboy 
of toxin producing broth, 250 ml. of seed culture was prepared in Lepper and 
Martin’s (6) chopped meat medium, containing one-fourth the usual amount 
of meat, incubated for 12 to 16 hr., and the fluid portion free of meat particles 
decanted into the carboy of medium previously warmed to incubator tempera- 
ture. This very heavy inoculum resulted in early rapid growth. Smaller 
inocula gave less uniform results. Had the inoculum been delivered near the 
bottom of the bottles it is probable that a smaller amount would have been 
adequate. 


i 
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With this procedure lot after lot of toxin was produced with little variation 
in yield or potency. 


Culture Media for Toxin Production 
Two media, fully described in the previous paper in this series (17), have 
given similar uniform yields of toxin: 
(a) Casein digest — yeast extract — phosphate — pure glucose. 
(b) Casein digest — clarified corn steep —- commercial glucose. 


The latter medium is much more readily prepared and where toxin was 
recovered by acid precipitation the precipitation in general was more nearly 
complete. 


Growth 


Under the conditions described in the preceding sections growth is rapid; 
after five to six hours the medium is perceptibly cloudy and within 10 to 12 hr. 
the culture appears milky. However the total count of viable bacteria does 
not reach a high level. Fig. 2 indicates the average growth curve of total 
viable organisms based on pour plates on peptone-thioglycollate agar (11) 
incubated in Fildes’ jars. It is apparent that the peak count of viable 
organisms is reached in about 12 hr., followed by a fairly rapid decrease in 
numbers. The peak of sporulation, based on pour plates of culture heated 
to 85° C. for 20 min., is reached at about 60 hr., after a considerable decrease 
in the total number of viable organisms. Opacity determinations in a photo- 
electric nephelometer — ‘photelometer’, on the growing and autolyzing cultures 
(Fig. 3), are in good general agreement with the total viable counts. 


Acidity increases at a rate comparable with the growth although the 
highest acidity, pH of 5.5, is reached slightly later than the peak of growth 
(Fig. 2). 

Amino nitrogen gradually increases (Fig. 4) during the growth period from 
the initial content of 190 mgm. per 100 ml. in the medium to some 235 mgm. 
This increase is most rapid during the logarithmic growth period but the 
digestion continues well beyond the period of rapid growth. The origin of 
the amino nitrogen during logarithmic growth is not apparent. During this 
period there must be much synthesis of bacterial protein but there appears to 
be a more rapid digestion of peptones or proteins in the medium, though very 
little is present. It is possible also, that even in the logarithmic growth 
period, there may be an orderly rate of death, lysis, and bacterial protein 
digestion. During the latter two-thirds of the growth period, when bacterio- 
lysis is active, it is apparent that the amino nitrogen arises mainly from 
bacterial proteins. : 


Fic. 1. Photomicrographs of colonies of Clostridium parabotulinum. 
(a) Colony of C. sporogenes or sporogenes-like C. parabotulinum. 
(b) Characteristic colony of toxigenic strain of C. parabotulinum. 
(c) Smooth form of C. parabotulinum. 
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Fic. 2. Curves of rate of growth, spore production, and increase of acidity“of C. parabo- 
tulinum cultures in casein digest-corn steep medium, 
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Fic. 3. Curve of changing opacity, photelometer readings, of cultures of C. parabotulinum 
in casein digest—corn steep medium. 
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The only significant difference between cultures of Type A and Type B 
under these conditions is in the rate of autolysis. While the Type A requires 
five to six days’ incubation to reach complete lysis of the bacteria, the Type B 
cultures were uniformly completely lysed in four days. It is not apparent 
whether this difference is characteristic of the type or merely of the strains 


used. 
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Fic. 4. Curve showing increase in amino nitrogen during growth of C. parabotulinum in 
casein digest—corn steep medium. 


Toxin Assay 


Toxin was routinely assayed by determining the LDs for 20-gm. mice or 
250-gm. guinea-pigs according to the method of Reed and Muench (12). 
Whole cultures after incubation, until autolysis of the bacteria was approxi- 
mately complete, were diluted in gelatine—-phosphate solution* and 1 ml. 
amounts of the dilutions injected intraperitoneally in mice or intramuscularly 
in guinea-pigs. There was no significant difference in the reaction to the two 
routes of injection in either mice or guinea-pigs. Whole cultures were used 
for the assays without removing the few bacteria that survived autolysis. 
Filtration resulted in 50 to 75% loss of toxin and the few bacteria were largely 
lost in the high dilutions of the injection fluids. In any case, when the bacteria 
were well washed the injection of large doses produced no symptoms. 

Samples of dry toxin were weighed, dissolved in the phosphate-gelatine 
solution, serially diluted, and injected into the test animals. 


* Gelatine 2 gm. 
Disodium phosphate dodecahydrate 10 gm. 
Water 1000 ml. 
pH 6.6 


Autoclaved at 15 lb. for 20 min. 


=< 
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In the phosphate solution, pH 6.6, the acid toxin goes into solution. The 
addition of gelatine greatly stabilizes the toxin. This effect is probably 
similar to the stabilizing influence of serum, broth, or a concentrated solution 
of a protein hydrolysate, amanoid, as described by Sommer and Sommer (16). 
However, solutions of the toxin are quite unstable. At 4°C. there is no 
appreciable loss in potency for some 12 hr. but beyond this period there is 
rapid deterioration. 


Toxin Yields 


The yields of toxin obtained by the procedures described in this paper are 
not higher than those previously reported. They are, however, high and 
consistent from lot tolot. As indicated in Table I the Type A strain produced 
8 X 10° to 2 X 10° LDw’s for 20-gm. mice per ml. of culture on five to six 


TABLE I 


YIELD oF Types A AND B TOXIN AS ASSAYED IN 20-GM. MICE AND 250-GM. GUINEA-PIGS 


Yield—LDy per animal per ml. 


Range of yield in different lots Average yield 
A toxin 
Mice—20 gm. 8 xX 10'to2 x 10° 1 X 10° 
Guinea-pigs—250 gm. 1.6 X 10° to4 xX 105 2 X 105 
B toxin 
Mice—20 gm. 1 xX 10?to3 x 108 2X 16 
Guinea-pigs—250 gm. 1 X 10'to4 x 105 3 x 105 


days’ incubation or 1.6 X 105 to 4 X 10° LDw’s for 250-gm. guinea-pigs 
per ml. of the same cultures. The Type B strain produced 1 X 10° to 
3 X 10° LDw’s for 20-gm. mice or 1 X 10° to 4 X 105 for 250-gm. guinea- 
pigs per ml. of five to six day cultures. 


There has been much discussion of the diffusibility of the toxin from the 
growing bacteria. It has generally been found that significant amounts of 
toxin appear in the culture fluids only after the bacteria have autolyzed. 
Nelson (8), for example, obtained more toxin from the bacteria recovered from 
six to seven day cultures, after disruption by alternate freezing and thawing, 
than from the culture fluid. Wagner, Meyer, and Dozier (19) found about 
1/10 of 1% of the total yield of toxin from their cultures during the first 48 hr. 
of incubation. Robopylo (13) obtained considerable toxin after only 15 hr. 
incubation yet the amount is about 1/10 of 1% of the yield obtained after 
160 hr. incubation. 


In the present culture procedure the amount of free toxin in the cultures 
up to the point of maximum growth is small (Fig. 5). As autolysis of the 
organisms proceeds at an approximately logarithmic rate the free toxin 
increases, at a rate that also appears to be logarithmic, to the maximum yield 


| 
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at 140 to 150 hr., which corresponds with the period of complete lysis of the 
organisms. Incubation of cultures beyond the point of maximum yield of 
toxin gives somewhat variable results: generally there is no change for several 
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Fic. 5. Curves showing increase in free toxin in cultures of C. parabotulinum, ordinates, 
log of the LD,'s; abscissa, time, plotted in contrast with the curve of growth. 


days, in other instances there is a gradual decrease in free toxin. The fact 
that a considerable amount of toxin has accumulated during or shortly after 
the end of the logarithmic growth period suggests either that toxin in small 
amounts may diffuse from the multiplying bacteria or, as suggested in an 
earlier paragraph, it is possible that in the period of logarithmic growth there 
may be an orderly rate of death, autolysis, and liberation of toxin. 

From the practical consideration of toxin production the cultures should be 
incubated until autolysis is complete both from the fact that this is the period 
of highest yield of toxin and that the disposal of the bacterial bodies facilitates 
recovery of the toxin. In the present procedure this requires five to six days 
for the Type A and four days for the Type B. 


Acid Precipitation of Toxin 


Snipe and Sommer (15) demonstrated that botulinum toxin is precipitated 
from culture fluids at pH 4.0. It was found that at pH 5.5, the usual reaction 
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at the end of the culture period (Fig. 1) the toxin is in solution. On acidifica- 

tion from pH 5.5 to 3.9 (Table II) increasing amounts of the toxin is precipi- 

tated. At pH 3.9 it is completely precipitated and rapidly settles or may be 
TABLE II 


ACID PRECIPITATION OF C. pqrabotulinum TOXIN 


pH Physical state Toxicity 
6.5-5.5 Complete solution 100% 
5.5-3.9 Increasing precipitation 100% 
3.9-2.0 Complete precipitation 100% 
2.0-1.0 Increasing solution Not tested 
1.0 Complete solution <25% 


centrifuged from the supernatant solution. At pH 3.9 to 2.0 there is no 
apparent change in the physical state or toxicity of the toxin. From pH 2.0 
to 1.0 increasing amounts of the toxin go into solution and at pH 1.0 the 
toxin is completely soluble. However, the pH 1.0 solution of toxin retains 
less than 25% of its potency, probably due to hydrolysis. It is apparent 
then that the toxin is completely precipitated at pH 3.9 and retains its 
potency over a wide pH range. 


The procedure followed in the acid precipitation of toxin in carboys of 
culture was as follows. Well autolyzed cultures were placed in the cold room 
at 4°C. for about 16 hr. Hydrochloric acid was then added to provide a 
final pH of the culture fluid of 3.5. This ordinarily required 980 ml. of 
1 N hydrochloric acid per 18 litres of culture. The acidified cultures were 
allowed to stand for about 24 hr. in the cold. During this time the acid 
precipitate flocculates and settles—15 to 16 litres of clear supernatant may be 
siphoned off without disturbing the 2 to 3 litres of concentrated precipitate. 
This supernatant fluid never contains more than 3% of the toxin in the whole 
culture and usually much less than this amount. The loss at this stage is 
less in the digest corn steep medium than in the medium with yeast extract. 
The precipitates from four to six carboys of culture were pooled and allowed 
to settle in the cold for four to six days and the supernatant again withdrawn 
and discarded. 


The concentrated precipitate, which at this stage contains 2 to 3% solids 
was passed through two layers of 60 mesh cheesecloth, which removed a 
considerable amount of non-toxic black particulate matter. The concentrate 
was resuspended in about 18 litres of water adjusted to pH 3.5 and allowed 
to settle in the cold. Four to six such washings were carried out until the 
wash water was free from pigment. There was no detectable loss of toxin in 
this wash water. The washing removed a large amount of impurities; it 
resulted in an average increase in potency of the dry toxin of 65% over the 
unwashed toxin. 
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Finally, the precipitated washed toxin was passed through a continuous 
flow centrifuge. A de Laval oil purification centrifuge proved very satis- 
factory. The toxic precipitate was recovered from the centrifuge bowl in the 
form of a ‘putty-like’ material containing 25 to 30% solids. 

The acid precipitated toxin is stable at room temperature but when the 
precipitation from cultures was carried out at room temperature the recovered 
toxin had only a third the potency of that recovered at 4° C. 

Nucleic Acid and the Precipitation of Toxin 


We are indebted to Dr. A. M. Pappenheimer, Jr. (9) for bringing to our 
attention the fact that the toxin will not precipitate from the crude cultures at 
pH 3.9 in the absence of nucleic acid. Tryptic digests are rich in ribonuclease. 
If the culture media containing tryptic digests are sterilized at a temperature 
that permits active survival of ribonuclease, the thermal resistance of the 
enzyme makes this possible, the nucleic acid in the medium or liberated from 
the autolyzing bacteria is broken down, and the addition of acid fails to 
precipitate the toxin. 

When the tryptic digest media are sterilized as described in the preceding 
sections this difficulty does not arise. 

Drying Toxin 

In the initial effort to produce a dry and stable preparation of toxin the 
centrifuged washed acid precipitate was dispensed in thin layers in Petri 
dishes and dried over Cenco ‘dessigel’ in vacuum desiccators. The potency 
of the toxin is retained with this treatment; however, the toxin dries into hard 
flakes and lumps that are not readily soluble even in alkaline solutions. After 
it is ground to a fine powder in an agate mortar, the toxin dissolves readily in 
pH 6.6 phosphate buffer but the grinding is difficult and dangerous.* 

Attempts were made to substitute ball milling for mortar grinding as safer 
and more convenient. Pyrex glass grinding jars were tried with various sizes 
of steel balls or flint pebbles with various speeds and loads. In every case the 
milling resulted in marked deterioration of the toxicity of the material. 
Rotating the jar in a dry ice—alcohol bath or replacing the air in the jar with 
carbon dioxide did not significantly improve the situation. 

Even where the denaturation of the toxin appeared not to be extensive the 
finer particles, from the ball milling, separated from the coarser material in 
an air blast column, were more than 50% detoxified. 


Attempts were therefore made to find a method of drying that would make 


grinding unnecessary. This was partly achieved by lyophilization of the 
washed and centrifuged acid precipitate. 

The putty-like mass of toxin recovered from the centrifuge bowl is not 
readily dispensed in the lyophilization bottles. It was found that this mass 
after freezing at about —10° C. and rapidly thawing at 37° is a heavy, free- 
flowing suspension readily poured into the drying bottles. Two hundred and 


_ * Mortar grinding and all treatments of powdered dry toxin, as the removal of samples for 
weighing, was carried out in an enclosed, tissue-culture type box. 
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fifty ml. amounts in 2-litre bottles were shell-frozen in a dry ice — alcohol 
bath and dried in the usual way under high vacuum. The drying time to 3 
to 5% moisture was about 20hr. This resulted in a fluffy powder interspersed 
with hard flakes. The powdery portion readily dissolved in pH 6.6 buffer 
solution but, as in the previous drying method, the flakes were not readily 
dissolved without grinding. 

Preliminary trials with spray drying* of the toxin has been more successful. 
A fine suspension of acid precipitated toxin containing 2 to 4% solids was 
dried in a laboratory size spray drier equipped with a high speed rotating disk 
atomizer. The recovered dry toxin consisted of a very fine particulate 
powder that dissolved readily in pH 6.6 phosphate buffer solution. Some 
75% of the toxic potency is retained by this drying method. 


Lf and L+/10 Dose of Dry Toxin 


As an arbitrary standard for neutralization of the toxin, Lederle antitoxin 
No. 144H/143d was taken, as stated on the container, as containing 10,000 
units antitoxin in 28.2 ml. In one lot of dry Type A toxin the LD» for 
20-gm. mice was 0.011 ugm., the Lf was 0.14 mgm. or approximately 127,000 
LDw’s, the L+/10 was 0.016 mgm. or 14,000 LDso’s for 20-gm. mice. 
Stability of the Dry Toxin 

The lyophilized mortar ground toxin has proved perfectly stable provided 
that it is kept dry and in bulk. Quantities of 25 to 50 gm. or more held in 
Pyrex bottles tightly stoppered with rubber bungs have been stored for two 
years in the dark at room temperature with no lossin potency. The maximum 
moisture content of the samples was 5%. 

On the other hand a number of small samples of the order of 10 mgm. held 
at room temperature in stoppered Pyrex test tubes retained only 30% of 
their original toxicity after 11 months’ storage. The explanation probably 
lies in the volume relationship of overlying air to toxin. The toxic powder is 
hydroscopic and wets readily when exposed to moist air. Wet samples 
deteriorate rapidly. 


Relative Susceptibility of Test Animals to A and B Toxins 


As previously noted there is a great difference in the susceptibility of mice 
and guinea-pigs to Types A and B toxin. In the course of the work young 
chickens and goldfish also were used as test animals. From Table III it will be 
noted that the guinea-pig is the most susceptible of the four species tested to 
both A and B toxin in terms of the lethal dose of toxin per kgm. body weight. 
With the semipurified dried toxins, the guinea-pig shows the same order of 
susceptibility to the two toxins. 

For the mouse the lethal dose of A toxin is 2.2 times greater than for the 
guinea-pig while, in sharp contrast, the lethal dose of B toxin for the mouse 
is over 6000 times greater than for the guinea-pig per kgm. body weight. 
Similarly, the lethal dose of A toxin for young chickens is 10 to 200 times and 


* We are indebted to Dr. A. J. Wood for these spray drying trials. 
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TABLE III 


RELATIVE SUSCEPTIBILITY OF FOUR SPECIES OF LABORATORY ANIMALS 
To Type A AND TyPE B TOXINS 


LD» 
Crude culture Dry toxin Relative 
per 
Test animal “wa — unit body 
: Per kilo y | Per animal, |Per kilo y i 
Per animal, ml. weight, ml. gm. weight, gm. weight 
A toxin 
uinea-pig 
250 gm. 0.000005 0.00002 0.005 0.02 1 
Mouse 
20 gm. 0.000001 0.00005 0.00088 0.044 2.2 
Chicken 
10 day 0.3 4 200 
30 day 0.05 0.2 10.5 
Goldfish 0.00003 0.0099 0.0054 1.8 90 
ba, B toxin 
uinea-pig 
250 gm. 0.00001 0.00004 0.005 0.02 1 
Mouse 
20 gm. 0.0009 0.045 2.5 125 6250 
Goldfish 0.0008 0.26 8500 


for the goldfish 90 times greater than for the guinea-pig on a unit body weight 


basis. 


But the lethal dose of B toxin for the chicken is 6000 times greater 


and for the goldfish 8500 times greater than for the guinea-pig on a unit weight 


basis. 
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YIELD OF BOTULINUM TOXIN IN CONCENTRATED MEDIA! 
By V. A. HELson,? J. W. STEVENSON,? AND G. B. REED* 


Abstract 


In the preceding paper in this series it was shown that Type A Clostridium 
parabotulinum when grown under accurately controlled conditions on a casein 
digest 3g corn steep medium produced large and consistent yields of 
toxin. this paper a modified procedure is described. Cultures were inocu- 
lated in the usual manner and incubated for 10 hr., or until growth reached the 
upper third of logarithmic increase. Concentrate of the same medium was then 
added by a continuous drip method for 18 to 60 hr., or until the concentration of 
the medium was doubled to quadrupled. 


Under these circumstances the organisms continued to increase for some 40 hr. 
while in the controls in unconcentrated media growth ceased at 18to 20hr. The 
yield of toxin was increased two to three times over the controls in unconcen- 
trated media. 


In an earlier paper in this series (4) it was shown that Clostridium para- 
botulinum Types A and B yield large and consistent amounts of toxin when 
grown under accurately controlled conditions in a medium of casein digest, 
corn steep, and glucose. This paper describes a method of increasing the 
yield of toxin by adding concentrated medium to the growing culture. The 
procedure of adding concentrate remotely resembles that of Jordan and 
Jacobs (1). 

The basic medium, the strains of C. parabotulinum used, and the methods 
of maintaining stock cultures and preparation of inoculum were the same as 
previously described (3 and 4). Ordinary media were inoculated in the usual 
manner and the cultures were incubated for 10 hr. or to the upper third of the 
logarithmic period of increase. A concentrate of the same medium as used 
initially was then added in amounts that doubled to quadrupled the original 
concentration of the medium. This addition was made gradually by dripping 
the sterile concentrate into the primary culture over periods of 18 to 60 hr. 

The composition of the standard or control medium and the concentrate is 
shown in Table I. The rate of growth was determined by opacity readings 
in a ‘photelometer’ with a 4 mm. sextant green Pyrex filter, No. 4010, with 
culture fluid cleared by centrifuging as a control. Changes in amino nitrogen 
were followed by Malfatt’s formal titration. The toxin yield was assayed in 
20-gm. white mice and expressed as LD, according to the method of Reed 
and Muench (2). 


1. 24 Hr. Addition of Concenirate 


In the initial trials 10 litre lots of the waeghia medium (Table I) were 
placed in 25 litre Pyrex carboys, autoclaved, cooled, and inoculated with the 
standard inoculum, 10 ml. of 18 hr. culture per litre of medium. 


1 Manuscript received September 25, 1946. 

Contribution from the Department of Bacteriology, Queen’s University, Kingston, Ont. 
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The rate of growth in this standard medium is indicated in the lower curve 
of Fig. 1. It is apparent that maximum growth is reached in about 18 hr., 
followed by rapid clearing as the organisms undergo autolysis, which is approxi- 


mately complete in 120 to 140 hr. 


TABLE I 


COMPOSITION OF STANDARD MEDIUM AND CONCENTRATE USED AS 


AN ADDITION TO GROWING CULTURES 


Tryptic digest of casein 285 738 
Clarified corn steep 20 67 
Glucose, 20% reducing sugar 50 168 
Water 645 0 
pH 7.6 9.6 
20 Culture 
with 
<0 edded 
concentrate 
$30 
Culture 
YO 
standard 
medium 
“50 
60 
entrte 
added - 
90 +f upper 
curve 
20 40 60 10 


Hours 


Fic. 1. Curves showing rate of growth of C. parabotulinum, Type A, in a standard digest 
medium and in a similar medium to which a concentrate of the same substances were 
over a period of 24hr. Ordinates are the log of photelometer readings; abscissas, time in hours. 
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To similar carboys of primary cultures, after 10 hr. growth, concentrate 
was added at the rate of 333 ml. per hr. for 24 hr. This addition increased 


the total volume of medium from 10 to 18 litres and approximately doubled 
the concentration. 


In Fig. 1 the upper curve indicates that the culture with added concentrate 
continues to increase for some 25 hr. after maximum growth is reached in the 
culture in standard medium. The photelometer readings at the points of 
maximum growth represent an approximate 10-fold increase in the numbers of 
organisms in the concentrated medium over that in the standard unconcen- 
trated medium. 
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Fic. 2. Curves showing changes in pH in cultures of C. parabotulinum, Type A, in a 
standard medium and a similar medium to which concentrate was added for a period of 24 hr. 


The pH of cultures in the standard medium fell rapidly (Fig. 2) to 5.7 and 
more gradually to 5.5 where it remained during the balance of the incubation 
period. Comparison with the growth curve (Fig. 1) indicates that the peak 
of acidity lags slightly behind the maximum growth. In sharp contrast the 
addition of the pH 9.6 concentrate (Fig. 2) holds the pH of the cultures at 
approximately pH 6.5. 

In other trials in which sodium hydroxide was added to 10 hr. cultures, over 
a period of 24 hr., in amounts sufficient to hold the pH approximately at 
6.5 there was no significant increase in growth or in toxin production over 
cultures in the standard medium allowed to reach a pH of 5.5. 

The standard medium contains some 190 mgm. amino nitrogen per 100 ml. 
This gradually increases with the growth of the culture to about 226 mgm. 
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per 100 ml. (Fig. 3). This probably results initially from hydrolysis of 
protein or peptones in the medium, which proceeds more rapidly than the 
utilization of amino nitrogen by the growing culture. Subsequently autolysis 


w 


330 
with concentrate odided 
1290 
= Period of addition of concentrate 
250 
Culture in standard medium 
= 2/0 


Stendard medium 


10 24 48 72 96 120 
7Zime - Hours 
Fic. 3. Curves showing changes in amino nitrogen in cultures of C. parabotulinum, Type 


A, ina standard medium and a similar medium to which concentrate was added for a period of 
24 hr. 


of the organisms accounts for the increase. The addition of concentrate, over 
a 24 hr. period increases the amino nitrogen to 326 mgm. per 100 ml. As the 
concentrate was added the culture showed approximately the added amount 
of amino nitrogen (Fig. 3), and following completion of the addition the 
amino nitrogen gradually increased to approximately the same excess over 
that added as in the case of the control culture. ; 

The yield of toxin in the standard medium (Stevenson, Helson, and Reed 
(4) ) varies from 8.5 X 10° to 2 X 10° with an average of 1 X 10® LDw’s 
for the 20-gm. mouse. The yield of toxin in the control cultures in the 
standard medium in this series fell within this range with the same average. 
In sharp contrast the cultures to which concentrate was added at the rate of 
333 ml. per hour for 24 hr. in six trials yielded 1.4 K 10° to 4.5 X 10° or an 
average of 2.7 X 10° LDw’s for the 20-gm. mouse (Table II). This means 
that the addition of the concentrate causes an increased growth of about 10 
times and 2.7 times increase in toxin yield. 


2. 18 Hr. Addition of Concentrate 


In a second series larger volumes of culture were used and the concentrate 
was added more rapidly. To initial volumes of 27 litres in 50 litre carboys, 
after 10 hr. growth, 18 litres of concentrate were added in 18 hr. The control 
cultures gave the same average, 1 X 10° LDs’s for the 20-gm. mouse. A 
series of five cultures to which the concentrate was added at the above rate 
yielded 1.8 LDj’s (Table II). 


Culture with concentrate added 
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TABLE II 


YIELD OF TOXIN FROM CULTURES OF C parabotulinum, TyPE A, IN A STANDARD MEDIUM AND 
IN A SIMILAR MEDIUM TO WHICH CONCENTRATE WAS ADDED DURING GROWTH OF THE CULTURE 


LDw per ml. 
Medium No trials 
Range Average 
Control, no addition - 8.5 10°to2 xX 10° 11 
10 litres, 10 hr. culture, concentrate 6 1.4 X 10°to 4.5 x 10° 2.7 X 10° 
added 333 ml. per hour for 24 hr. 
27 litres, 10 hr. culture, concentrate 5 1.1 X 10°to4.5* X 10 1.8 x 10° 
added 1 litre per hour for 18 hr. 
10 litres, 10 hr. culture, concentrate 3 1.1 X 10®to 1.9 x 10° 1.4 X 10° 
added 333 ml. per hour for 48 hr. 
10 litres, 10 hr. culture, concentrate 1 —— 2.3 X 10° 
added 333 ml. per hour for 60 hr. 
10 litres, 10 hr. culture, concentrate 2 2.3 X 10®°to 3.8 X 10° 3 XX 10¢ 
raw casein 333 ml. per hr. for 24 hr. 


3. 48 to 60 Hr. Addition of Concentrate 


In a third and fourth series of trials, starting with 10 litre lots of culture, 
concentrate was added at the same rate as in the first series, 333 ml. per hour, 
but the addition was continued for 48 and for 60 hr. instead of 24 hr. The 
growth rate in the latter is indicated in Fig. 4. In the previous trials in 
which the addition of concentrate was continued for 24 hr. (Fig. 1), the peak 
of growth was reached at about the time the addition of concentrate was 
discontinued but in the latter series (Fig. 4) the peak of growth was reached 
before all the concentrate was added. It is therefore apparent that other 
factors than depletion of nutrients are concerned in retardation of growth 
after this long period. The yields of toxin in these two series (Table II) were 
1.4 to 2.3 times greater than in the unconcentrated controls. 


4. Addition Without Concentrate 


There was some indication that the addition of standard medium to the 
growing culture, without increasing the concentration, might be as advan- 
tageous as adding concentrate. In one series two 10 litre lots of medium were 
inoculated in the same manner and incubated for 10 hr. To one lot, standard 
medium was added at the rate of 333 ml. per hour for 24 hr. and to the second, 
concentrate at the same rate for the same period. .Growth curves of the two 
series and the control are shown in Fig. 5. Comparison of the two lower 
curves indicates that the addition of unconcentrated medium slightly increases 
the growth over that in the control culture to which no additions were made 
and slightly delayed autolysis. In sharp contrast the growth was increased 
about 10 times in the lot to which the concentrate was added (upper curve, 
Fig. 5) and the growth rate maintained equal to the autolysis rate for a 
much longer period than in the controls. 
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Toxin production in the culture to which unconcentrated medium was 
added was within the normal range, 1 X 10° LDso’s per ml. In the cultures 
to which concentrate was added the yield was 2.3 X 10°, or approximately 
double that in the controls. 


Standard 
concentrate 
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Fic. 4. Curves showing rate of growth of C. parabotulinum, Type A, in a standard digest 
medium and in a similar medium to which a concentrate of the same substances was added over 
a period of 60 hr. Ordinates are the log of photelometer readings; abscissas, time in hours. 


5. Raw Casein Concentrate” 


In one series of cultures the concentrate consisted of raw casein suspension 
in place of casein tryptic digest. The concentration of raw casein was the 
same as in the digest; other ingredients were the same as in the digest con- 
centrate. This raw casein concentrate was added to 10 litres of 10 hr. culture 
in the same amount and at the same rate as in the first series, 333 ml. per 
hour for 24 hr. The growth rate was similar to that in the first series (Fig. 1), 
and the toxin yield approximately the same (Table II). 

6. Inoculum 


There was some suggestion that the size of the inoculum in the standard 
and concentrated medium might be a factor in the above results. Four lots 
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of standard medium were inoculated with the usual inoculum, 10 ml. per litre, 
and with two, three, and four times this amount. The large inoculum gave a 
slightly more rapid growth but there was no significant difference in toxin 
yield, confirming our previous observation (4) that the usual inoculum was 
optimum. 


iS) 


L 


60 80 


Hours 


Fic. 5. Curves showing rate of growth of C. parabotulinum, Type A, in a standard medium, 
one to which a similar medium was added and one to which a concentrate of the same medium 
was added for a period of 24 hr. Ordinates are the log of photelometer readings; abscissas, 
time in hours. 


7. Toxin Yield 

Table II is a summary of the toxin yields in the various concentrated 
media compared with the standard medium. It is apparent that by the 
addition of concentrates the yield may be increased 1.4 to 2.7 times. 

In a previous report (4) it was shown that when the toxin in the crude 
cultures grown in the standard medium is precipitated at pH 3.9, washed, and 
dried, the average yield is 0.37 gm. of toxin per litre of medium with an 
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LDw for the 20-gm. white mouse of 0.00088 wgm. Three cultures grown 
with added concentrate when precipitated, washed, and dried by the same 
method gave an average yield of 1.1 gm. of toxin per litre of medium with a 
similar LD. There is therefore a three-fold yield in dry toxin in the 
concentrated medium, which approximately corresponds with the increased 
yield in the crude culture fluids. 
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ANOPHELISM AND CLIMATE IN RELATION TO MALARIA 
IN MANITOBA! 


By J. A. McLeop? anp J. McLintocx* 


Abstract 


The return of armed services personnel plus the prospect of an influx of 
immigrants and tourists from malarious regions of the world has raised the 
question of the possibility of malaria becoming epidemic in Canada. In 
Manitoba no indigenous malaria has ever been reported, but the recent influx of 
carriers has awakened widespread interest in the anopheline fauna of Canada. 
Recent surveys indicate that anophelines are more abundant in Manitoba than 
was generally supposed. The anopheline records from the province are sum- 
marized and observations on the distribution, habits, and larval habitats of 
Anopheles maculipennis occidentalis are reported. A. maculipennis occidentalis 
is sufficiently abundant and widespread in its distribution to be important as a 
potential vector, but its efficiency as a vector has not yet been determined. The 
evidence suggests that, in Manitoba, A. maculipennis occidentalis chooses a 
variety of overwintering habitats both indoors and outside and that not all 
locations chosen are favourable. The climate of Manitoba in relation to malaria 
is discussed briefly with a chart of the isotherms for the mean summer tempera- 
tures. This shows that a large portion of southern and western Manitoba, where 
ow 90% of the human population lives, lies on the warmer side of the 61° 
isotherm. 


Introduction 


As the world’s most prevalent and widespread disease of man, malaria has 
been the subject of a great deal of attention and research work during the 
past decade. Not only has the work been intensified in known malarious 
areas but it has been extended to cover at least some of the potentially 
malarious areas as well. 


At the present time it would appear quite probable that the increased 
movement of human beings to and from malarious areas would not only 
increase the incidence of the disease but also serve to spread it much more 
widely over the earth’s surface. The repatriation of combat personnel along 
with an influx of immigrants and tourists might well disseminate the disease 
fairly generally over the continent of North America. One question of major 
importance in consequence of this is; will the causative organisms remain 
confined to their present hosts or will they spread to other individuals, thus 
giving rise to local epidemics? 

It is true that malaria had been reported from Manitoba on occasions prior 
to World War II in individuals who had visited malarious areas in South 
America, Africa, India, or the southern United States, but these individuals, 
in the majority of cases, gave previous histories of malaria. However, in 
recent years, probably owing to increased speed of travel, a few cases have 
come to attention in which the first chills were experienced only after the 
patient’s return from a malarious area. Up to the present time the only 
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known cases of malaria that have originated in Manitoba are artificial ones 
in which paresis patients were being treated therapeutically with Plasmodium. 

The recent influx of malaria carriers has awakened widespread interest in 
the anopheline fauna of Canada, but this interest has served to underline the 
lack of information on the species present, their distribution, life histories, 
and habits. 

It is well known that if an outbreak of malaria is to occur in any given area, 
the following four requirements must be met: 


1. There must be present a susceptible human population, in the blood of 

some of whom are present viable gametocytes. 

2. There must be present a suitable species of anopheline mosquito to act 

as primary host and vector. 

3. The mosquito must feed on human blood. 

4. The climate must be suitable for the development of Plasmodium in the 

invertebrate host. 

It is common knowledge among malariologists that the life histories and 
habits of the different species of anophelines, and their ability to transmit 
malaria, varies, not only between different species, but also between members 
of the same species in different localities. Hente, investigators in Canada 
have been justifiably cautious in applying to the Canadian fauna facts gathered 
in other regions. This has been particularly true of the prairies where the 
winters are severe and the summers hot, an annual range of temperature of 
125° F. (— 34° to 91° F.) being not uncommon. 

Surveys made by dominion, provincial, and municipal organizations have 
recently provided additional information on the distribution of the five species 
of anopheline mosquitoes known to occur in Canada (28) but regarding their 
life histories, habits, and ability to transmit malaria, we still have to rely 
largely on data supplied by the United States and other parts of the world, 
especially Europe. 

Recent observations indicate that anopheline mosquitoes are considerably 
more abundant in Manitoba than was generally supposed. During the past 
few years we have had opportunities to make observations on the habits of 
A. maculipennis occidentalis (D & K) in Manitoba. The present report is 
simply an attempt to summarize all known records of anopheline mosquitoes 
from the province with the addition of certain personal observations on their 
distribution and habits. In addition, an attempt has been made to determine 
the suitability of the local climate for the development of Plasmodium in the 
insect vector. 

Taxonomy 


Taxonomically, occidentalis forms a part of the maculipennis complex of the 
world. Dyar and Knab (9) described it as a distinct species, Anopheles 
occidentalis, and Bates (3), on the basis of its geographical distribution, also 
accorded it specific rank. But on the basis of the egg pattern and on the 
morphological characteristics of the larvae and adults it has been almost 
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impossible to distinguish occidentalis with certainty from Anopheles maculi- 
pennis typicus of Europe. Recently, however, Aitken (2) claimed that 
sufficient differences exist between the old and new world forms to consider 
occidentalis as a subspecies, A. maculipennis occidentalis. Aitken’s nomen- 
clature has been followed here. 


Manitoba Anophelines 


Earlier published reports such as those of Dyar (8), Fisk (10), Hearle (16), 
and Hinman and Hurlbut (17) showed that anopheline mosquitoes were not 
unknown in Canada, but it might be assumed that they were to be found 
only in the warmer, more humid parts such as southern Untario and Quebec 
and in British Columbia. The finding of four species of anophelines in 
Minnesota by Riley (23), Owen (21), and Daggy, Muegge, and Riley (6) and 
two species in North Dakota by Telford and Wester (27) shows that the Great 
Lakes forest region, the boreal forest region, and at least pari uf the prairie 
and aspen grove portion of the grassland region of mid-west North America* 
are suitable habitats for the existence and propagation of certain anopheline 
species. 

Occasional specimens of Anopheles had been collected in Manitoba prior to 
1938. Criddle and Curran (5), working at Aweme near Brandon, reported 
Anopheles maculipennis Meigen, and Anopheles walkeri Theobald, along with 
some 24 species of culicine mosquitoes but gave no information as to their 
abundance or seasonal occurrence apart from the fact that they had been 
taken in the summer. Howard, Dyar, and Knab (18) had reported Anopheles 
maculipennis from Aweme in 1917. 


Mosquito collections of the University of Manitoba contained at least one 
specimen of A. maculipennis occidentalis taken on the Fort Garry campus by 
Prof. Ferris Neave in 1933 and one specimen of the same species taken at 
Aweme by R. M. White in May, 1924. The National Collection at Ottawa 
contains specimens collected by H. A. Robertson at Hamiota and Souris in 
1922. In recent years Gibson (12, p. 179) has reported A. maculipennis 
occidentalis from Riding Mountain National Park and Aitken (1) reported it 
from Winnipeg and Whitemouth. 


It appears that Anopheles quadrimaculatus Say, which is fairly common in 
parts of Minnesota and Wisconsin (6, 21, 23) has never been found in Manitoba 
to date. At present, Anopheles walkeri Theobald, has been recorded only 
from Aweme and Westbourne (5) both located in the aspen grove portion of 
the grassland region. Anopheles punctipennis Say was collected in small 
numbers as adults and larvae in the Winnipeg area (19) during the summer of 
1938 and again as larvae near Brandon on Sept. 23, 1939 by McLintock. 


A. maculipennis occidentalis is reported to be the most abundant and most 
widely distributed anopheline in Canada having been recorded from every 


* Halliday, W. E. D. 3 lene classification for Canada. Can. Dept. Mines Resources. 
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province except Prince Edward Island (28). Our findings during the past 
eight years substantially support this statement so far as Manitoba is 
concerned. 

Light trap surveys made in the southern and western portion of the province 
by the Manitoba Department of Health and Public Welfare during the past 
four years indicate that A. maculipennis occidentalis forms from less than 1% 
in some cases to around 15% of the mosquito population of the province in 
others. During the second week of May, 1939, one of us (McLintock) 
collected females of this species in private houses in Fort Garry, a suburb of 
Winnipeg. These appeared to comprise the first flight of mosquitoes of the 
season. Where they came from is unknown but they invaded houses in the 
evenings and fed ferociously. The same investigator in subsequent years has 
collected adults of this species by hand or by means of light traps from 
Winnipeg, Brandon, Ninette, Morden, Lyleton, Dauphin, Steinbach, and 
Killarney. 

On the 6th of May, 1939, one of the writers (McLeod) arrived at the mouth 
of the Red Deer River where it empties into Lake Winnipegosis, about 15 
miles south of the 53rd parallel. The ice had just moved out of the lake and 
snow drifts were still present in the woods and, while the days were bright, 
the temperature dropped low enough during the night to form ice on small 
pools. Toward sundown in the evenings, mosquitoes in considerable numbers 
appeared inside the cabin and readily fed on blood when given an opportunity. 
Many of these specimens were captured and all were found to be females of 
A. maculipennis occidentalis. It was at first assumed that they were simply 
emerging from hibernation in cracks in the logs of the walls but the cabin had 
been occupied continuously all winter and investigation proved that they 
were entering through the open door. A number of other log buildings with 
grass thatched roofs and moss chinked walls, used as stables for horses or 
cattle, stood close by and the possible use of these as places of hibernation 
must be considered. Larvae of Aedes sp. were found in abundance in snow 
pools in the vicinity but no other species of adults were present. 

At Jessica Lake in the Whiteshell Forest during the latter part of June, 
1941, when the weather was clear and warm, reaching a daily maximum of 
about 90° F., the mosquito. population was very dense but all species taken 
inside buildings were of the culicine type. However, a dozen females of 
A. maculipennis occidentalis were taken from the inside of an overturned canoe 
on the morning of June 19, following a very windy night. 

Late in August of the same year during cold, wet weather at Echo Rapids, 
still deeper in the Whiteshell area and far from permanent human habitation, 
tents were invaded during the night by many mosquitoes and, again, these 
were all females of A. maculipennis occidentalis. Since that time adult 
females of this species have been taken in hand collections at Netley Marsh, 
Portage la Prairie, the Duck Mountains, Summerberry Marsh, Mink Narrows 
on Lake Athapapuskow, and Cranberry Lake (Fig. 1). This information, 
while very incomplete, would indicate that much of Manitoba up to, or even 
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) including, the tundra transition zone constitutes a favourable habitat for, 
and possesses a moderate population of, A. maculipennis occidentalis. 

Much less is known about the local abundance of suitable breeding grounds 
for this species although it is generally believed that they are both numerous 
and widespread. McLintock found the larvae of A. maculipennis occidentalis 
in well shaded lily ponds in private gardens in Winnipeg. Again they were 
found in seepage pools behind a large commercial ice house and in Sturgeon 
. Creek, a sluggish stream on the western limits of Winnipeg. 


Fig. 1, ---------- = isotherms, mean summer temperature in degrees Fahrenheit. 
1. Winnipeg 12. Red Deer River 
2. Whitemouth 13. Mink Narrows, Lake Athapapuskow 
3. Jessica Lake 14. Second Cranberry Lake 
4. Echo Lake 15. Summerberry Marsh 
5. Netley Marsh 16. Dauphin 
6. Portage la Prairie 17. Hamiota 
7. Treesbank (Aweme) 18. Lyleton 
| 8. Ninette 19. Souris 
9. Brandon 20. Killarney 
i 10. Riding Mountain 21. Morden 
11. Wellman Lake, Duck Mountain 22. Steinbach 
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Outside the Winnipeg area, larvae have been found in permanent prairie 
sloughs, well-shaded roadside ditches, in marshes, sheltered stagnant pools in 
creek beds, and around the grassy edges of Prairie Farm Rehabilitation Act 
dugouts. The marsh, about 100 acres in extent, at the northern end of Pelican 
Lake near Ninette, is a typical and prolific larval habitat. These observations 
suggest that any permanent body of water containing emergent vegetation, 
or abundant shade, forms a suitable larval habitat in this province. 


The present observations, in addition to earlier reports, indicate that as 
far as a possible outbreak of malaria in Manitoba is concerned, A. maculipennis 
occidentalis is the only mosquito of sufficient abundance or wide enough 
distribution to be of any great importance. However, it is much more 
abundant and more widely distributed than was formerly supposed. 


Hibernation 


Anophelines are generally regarded as domestic animals, akin ecologically 
to the housefly and the rat, but we have no reason to believe that anophelines 
were not present in Western Canada before the arrival of settlers. This 
belief finds support in the fact that large numbers of A. maculipennis occiden- 
talis have been observed in marshes and forests far from human habitations. 


In Manitoba this species overwinters in the adult stage and it is among the 
first of the mosquitoes to appear in the spring. ‘The first broods of new adults 
appear each year around the middle of June, reach their population peak at 
the end of July or early in August, and gradually disappear into hibernation 
with the onset of cool weather in the autumn. Low winter temperature and 
the supposed scarcity of suitable places of hibernation were long considered 
the most apparent limiting factors and, until recently, the means by which 
this insect manages to survive the winter in Manitoba has been a matter only 
of conjecture. 


In Minnesota, where the average mean winter temperature and certainly 
the seasonal minimum is considerably higher than in central Manitoba, 
Owen (21) reported that female A. maculipennis hibernated in shallow caves 
along the Mississippi and Minnesota Rivers but that during the very cold 
winter of 1935-36 the specimens under observation were all killed by low 
temperatures. Indeed, it appeared that a temperature of even a few degrees 
below 0° F. was lethal to members of this genus. On the other hand, 
Maslow (20) states that the critical temperature is somewhere about — 40° F. 
and that females can survive for months at a temperature of —9.4° F. 


In Europe, Hackett et al. (15) described finding the barred-egg variety of 
A. maculipennis under the roofs of stables in a temperature below 0° F. 
The specimens were stiff and immovable and had to be poked into a catching 
tube by hand. This race formed fat bodies in the autumn. Hackett (14) 
again states that in Europe (probably northern Europe) A. maculipennis 
typicus spends the winter months in “frozen immobility in haylofts and 
belfries’’. 
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In Spain, De Buen (7) found adults throughout the year in animal quarters, 
less abundantly in sheltered positions in the open, and in dwellings. Here 
hibernation was not complete as females containing blood were found through- 
out the year, as also were females with mature eggs. Smith (25), in New Jersey, 
found that anophelines hibernate outdoors and in buildings, preferably in 
cellars. In early winter their abdomens were distended with fat but in early 
spring the fat had disappeared. He states that, normally, specimens retain 
their selected position all winter and when the weather is cold they can be 
picked up or will even allow themselves to fall to the ground. In well warmed 
houses they will become active and bite during the winter. He believed that 
there was always a heavy winter mortality with only a comparatively small 
proportion surviving. In the Sacramento Valley in California, according to 
Freeborn (11), no true hibernation occurs, the overwintering females changing 
their resting places and biting frequently. Just what subspecies were referred 
to in some of the foregoing is not stated but it is very probable that some 
specimens of A. maculipennis occidentalis and A. maculipennis typicus were 
involved. : 

During the past winter, in the course of a search for overwintering 
mosquitoes, six specimens of A. maculipennis occidentalis were found in a 
shed at Portage la Prairie on Jan. 21. This shed had an open door and open 
windows on the south side, and open chinks in the walls on the north and 
east sides. The west side was formed by the wall of a stable. The tempera- 
ture both inside and outside the shed was —9.4° F. on this occasion. No 
official temperature records are kept at Portage la Prairie but local residents 
stated that the temperature had been well below — 25° F. earlier in the winter 
and at Winnipeg (60 miles east) the previous low temperature had been 
—29.4° F. on Jan. 15. 

When found, the specimens were either lying on, or hanging from cobwebs 
near the roof. They were completely immobilized and had to be picked up 
with forceps. No mosquitoes could be found in the stable next door where 
the temperature was 32°F. The six specimens were placed in a jar and 
removed to a warm building. About five hours later, three of the specimens 
were active and were subsequently taken to the laboratory in Winnipeg. 
The other three failed to recover. The three living specimens were confined 
to a lamp chimney over water and the first blood meal was taken on Feb. 1. 
All three specimens fed intermittently during the following month. On Mar. 
6 two eggs were laid; these later hatched, and, although one larva died soon 
after, the other reached maturity. All specimens were dead by Apr. 15. 

When found, the abdomens of the mosquitoes were not noticeably distended 
with fat, as was the case with hibernating A. maculipennis occidentalis and 
Culex pipiens, which we (McLintock) have found in Eastern Canada in the 
month of February. There is probably little need for a great fat reserve in 
insects whose metabolism is evidently reduced to such a low level. 

In Manitoba, A. maculipennis occidentalis adults are frequently taken in 
houses early in the spring and on one occasion a specimen was taken in the 
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act of feeding in the basement of a house near Winnipeg on Dec. 26. Houses 
and stables, then, undoubtedly provide a suitable habitat for overwintering, 
particularly in urban areas. In larger cities, very deep trunk sewers may be 
utilized by hibernating mosquitoes but the winter examination of several 
miles of these in Winnipeg failed to yield a single anopheline. Caves are 
almost unknown in Manitoba and, even if present, would afford little protec- 


tion against the prolonged and intense cold unless the openings were well 
blocked by snow. 


In outlying districts where no buildings, sewers, or caves are present the 
question of hibernation is still somewhat in doubt. However, in the light of 
our findings concerning their tolerance of cold, it would appear that burrows 
of mammals, cracks in rock, or hollow trees might be utilized as places of 
hibernation by local anophelines. Reports have come to hand from outlying 
areas of adult mosquitoes having been found in muskeg under several inches 
of moss covered by a thick blanket of snow. Nota single specimen has been 
identified but such an event is well within the limits of possibility as frost 
never penetrates far into some of these areas because of the protective covering 
of snow and the seepage of water from underneath. 


From the evidence it appears that A. maculipennis occidentalis in Manitoba 
will choose any sheltered location, either inside buildings or outside, in which 
to hibernate, and when the temperature goes so low that they are completely 
immobilized, they fall to the ground like seeds and remain there until the 
following spring. It appears likely, however, that only a small percentage of 
those that go into hibernation survive successfully. 


Manitoba Climate 


It is generally conceded that the incidence of malaria varies somewhat as 
the abundance of the insect vector and the physiological suitability of that 
vector to transmit the disease. Regarding the suitability of A. maculipennis 
occidentalis for the completion of the sexual cycle of Plasmodium sp. and the 
production of sporozoites, little or nothing is known. Recently, however, it 
has been demonstrated that low temperature may be responsible for the 
scarcity or complete absence of malaria in temperate zones even when an 
efficient vector is present in abundance (26). It is well known that the 
majority of highly malarious areas lie on the equatorial side of the 80° isotherm, 
mean summer temperature. Evidence also indicates that malaria becomes 
less common as the mean summer temperature drops, and finally does not 
occur beyond the 59° or 60° isotherm (14, 24). This would account for the 
common occurrence of malaria in parts of Sweden and Finland during the 
19th century and its absence in Norway (22). In considering temperature, 
one sees that these portions of Sweden and Finland lie between the 60° and 70° 
isotherms while Norway lies almost completely on the colder side. 


In England, Gill (13) found that no malaria occurred in places having a 
mean temperature of 60° F. or lower during July and August and that 86% of 
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all cases occurred in areas having a mean summer temperature of 62° F. or 
higher. 


On the basis of information kindly supplied by the Dominion Meteorological 
Bureau, Winnipeg, and also data obtained from Connor (4), the isotherms of 
the average mean summer temperatures have been plotted for the southern 
portion of Manitoba (Fig. 1). These lines are only approximate as observa- 
tion stations are rather widely separated in outlying areas. However, in 
some cases the results represent the average mean temperature for the past 50 
years while a 10 year period is the minimum in any case. These isothermal 
lines, for the most part, run in a northwesterly—southeasterly direction, 
roughly paralleling Hudson’s Bay. In the west, however, there are colder 


intrusions because of the higher altitudes of the Riding, Duck, and Porcupine 
Mountains. 


It is seen that a considerable portion of southern and western Manitoba lies 
on the warmer side of the 60° isotherm, mean summer temperature, and so 
far as temperature is concerned as a limiting factor in the development of 
Plasmodium, it can be considered as a potentially malarious area. 

The return of a warm, moist weather cycle would, undoubtedly, increase the 
possibilities of an outbreak if other factors were favourable. It is also 
important to note that at least 90% of the human population of the province 
is to be found on the warmer side of the 61° isotherm. 


Conclusions 


In view of the foregoing information some general conclusions can be drawn. 
No native malaria has been known to occur in Manitoba up to the present 
time and it seems unlikely that an outbreak will occur or, if so, it will not be 
severe. Anopheles walkeri and Anopheles punctipennis have been recorded 
from Manitoba but are of such rare occurrence as to be almost negligible in 
connection with the transmission of malaria. Anopheles maculipennis 
occidentalis, however, was found to be both abundant and widely distributed 
in the southern half of Manitoba and is able to survive the winter seasons 
here moderately well by hibernating in any sheltered situation. I ts efficiency 
as a natural vector of Plasmodium has not been established conclusively so 
that, even with a mean summer temperature somewhat higher than the min- 
imum required for the development of the parasite, it is difficult to predict 
what the future of malaria in Manitoba will be. 


The writers wish to express their deep indebtedness to Mr. Ross Moir for 
much assistance in collecting specimens. 
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